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Onset of Type 2 Diabetes in Chronic Hepatitis C
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Diabetes is present in patients with chronic hepatitis C virus infection. The aim of this
retrospective cohort study was to assess the camulative development incidence and predic-
tive factors for type 2 diabetes after the termination of interferon therapy in Japanese
patients positive for hepatitis C virus (HCV). A total of 2,842 HCV-positive patients treated
with interferon (IFN) monotherapy or combination therapy with IFN and ribavirin were
enrolled. The mean observation period was 6.4 years. An overnight (12-hour) fasting blood
sample or a casual blood sample was taken for routine analyses during follow-up. The
primary goal was the onset of type 2 diabetes. Evaluation was performed by using the
Kaplan-Meier method and Cox proportional hazard analysis. Of 2,842 HCV patients, 143
patients developed type 2 diabetes. The cumulative development rate of type 2 diabetes was
3.6% at 5 years, 8.0% at 10 years, and 17.0% at 15 years. Multivariate Cox proportional
hazard analysis revealed that type 2 diabetes development after the termination of IFN
therapy occurred when histological staging was advanced (hazard ratio 3.30; 95% confi-
dence interval [CI] 2.06-5.28; P < 0.001), sustained virological response was not achieved
(hazard ratio 2.73; 95% CI 1.77-4.20; P < 0.001), the patient had pre-diabetes (hazard ratio
2.19; 95% CI 1.43-3.37; P < 0.001), and age was =50 years (hazard ratio 2.10; 95% CI
1.38-3.18; P < 0.001). Conclusion: Our results indicate sustained virological response causes
a two-thirds reduction in the risk of type 2 diabetes development in HCV-positive patients

treated with IFN. (HepaTOLOGY 2009;49:739-744.)

epatitis C virus (HCV) is one of the more com-
H mon causes of chronic liver disease in world.

Chronic hepatitis C is an insidiously progressive
form of liver disease that relentlessly but silently
progresses to cirrhosis in 20% to 50% of cases over a
period of 10 to 30 years.' In addition, HCV is a major
risk for hepatocellular carcinoma (HCC).4# Moreover,
chronic HCV infection has been associated with a variety
of extrahepatic complications such as essential mixed
cryoglobulinemia, porphyria cutanea tarda, membrano-
proliferative glomerulonephritis, autoimmune thyroid-

Abbreviations: CI, confidence interval; FPG, fasting plasma glucose; HCC, hep-
atocellular carcinoma; HCV, hepatitis C virus; IEN, interferon; SVR, sustained
virological response; T2DM, gype 2 diabetes mellitus.
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itis, sialadenitis, and cardiomyopathy.>'3 Lately, data
supporting a link between type 2 diabetes mellitus
(T2DM) and chronic hepatitis C infection have been re-
ported. 1415

Although there is growing evidence to support the con-
cept that HCV infection is a risk factor for developing
T2DM, there have been a few interventional studies con-
firming this issue. This issue needs to be confirmed with a
long-term follow-up of patients with high risk of developing
diabetes. Thus, prospective studies including metabolic eval-
uations are clearly needed to clarify these issues.

With this background in mind, the cohort study was ini-
tiated to investigate the cumulative incidence and risk factors
of T2DM after prolonged follow-up in HCV-infected pa-
tients treated with interferon (IFN) monotherapy or combi-
nation therapy with IFN and ribavirin. The strengths of the
current study are the large numbers of patients included and
the long-term follow-up of patients.

Patients and Methods

Patients. There were 5,890 patients diagnosed with
chronic HCV infection and treated with IFN mono-
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therapy or combination IFN + ribavirin therapy between
September 1990 and March 2007 in the Department of
Hepatology, Toranomon Hospital, Tokyo, Japan. Of these,
2,842 patients satisfied the following criteria: (1) no evidence
of diabetes mellitus for 3 months after the termination of
IFN (plasma glucose concentration <126 mg/dL [6.9
mmol/L] in the fasting state, <200 mg/dL [11.0 mmol/L} in
casual state and/or 2 hours after a 75-g oral glucose load); (2)
features of chronic hepatitis or cirrhosis diagnosed via lapa-
roscopy and/or liver biopsy before the initiation of IFN ther-
apy; (3) positivity for serum HCV RNA before the initiation
of IFN therapy; (4) period of =1 year of IFN therapy; (5)
negativity for hepatitis B surface antigen (HBsAg), antinu-
clear antibodies, or antimitochondrial antibodies in serum,
as determined via radioimmunoassay or spot hybridization;
(6) no evidence of HCC nodules as shown on ultrasonogra-
phy and/or computed tomography; and (7) no underlying
systemic disease, such as systemic lupus erythmatosus or
rheumatic arthritis.

Patients who were taking medications known to alter glu-
cose tolerance or had illnesses that could seriously reduce
their life expectancy or their ability to participate in the trial
were excluded from the study. Patients were classified as hav-
ing normal glucose or pre-diabetes based on fasting plasma
glucose (FPG), casual plasma glucose, or 2-hour plasma glu-
cose. The normal glucose group was regarded as having an
FPG of <100 mg/dL, casual plasma glucose of <140 mg/
dL, and/or 2-hour plasma glucose of <140 mg/dL. The
pre-diabetes group was regarded as having an FPG of 100-
125 mg/dL, casual plasma glucose of 140-200 mg/dL,
and/or 2-hour plasma glucose of 140-200 mg/dL.16

Next, we assessed predictive factors for T2DM in
chronic hepatitis C patients treated with IFN. The phy-
sicians in charge explained the purpose and method of this
clinical trial to each patient and/or the patient’s family.
Informed consent was obtained from all living patients
included in the present cohort study. The study was ap-
proved by the Institutional Review Board of our hospital.

Outcome Measures. The primary outcome was
T2DM, diagnosed by the use of the 2003 criteria of the
American Diabetes Association.'s These criteria include
(1) casual plasma glucose =200 mg/dL; (2) FPG =126
mg/dL; (3) 2-hour post-glucose (oral glucose tolerance
test) =200 mg/dL.

Laboratory Investigation. Anti-HCV was detected
using a second-generation enzyme-linked immunosor-
bent assay (ELISA IL; Abbott Laboratories, North, Chi-
cago, IL). HCV-RNA was determined by the Amplicor
method (Cobas Amplicor HCV Monitor Test, version
2.0; Roche, Tokyo, Japan). Hepatitis B surface antigen
was tested via radioimmunoassay (Abbott Laboratories,
Detroit, MI). The used serum samples were stored at
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—80°C at the first consultation. Diagnosis of HCV infec-
tion was based on detection of serum HCV antibody and
positive RNA. Height and weight were recorded at base-
line, and the body mass index was calculated as weight (in
kg)/height (in m?).

Evaluation of Liver Cirrhosis. Liver status of the
2,842 patients was mainly determined via peritoneoscopy
and/or liver biopsy. Liver biopsy specimens were obtained
using a modified Vim Silverman needle with an internal
diameter of 2 mm (Tohoku University, Kakinuma Fac-
tory, Tokyo, Japan), fixed in 10% formalin, and stained
with hematoxylin-eosin, Masson’s trichrome, silver im-
pregnation, and periodic acid-Schiff after diastase diges-
tion. The size of specimens for examination was more
than six portal areas.!”

Follow-up. The starting time of follow-up was 3
months after the termination of IFN therapy. After thar,
patients were followed up monthly to tri-monthly in our
hospital. Physical examination and biochemical tests were
conducted at each examination together with regular
check-up. An overnight (12-hour) fasting blood sample
or a casual blood sample was taken for routine analyses.
These included aminotransferase activities, total choles-
terol, platelet counts, and serum HCV RNA level. Three
hundred twenty-four patients were lost to follow-up; be-
cause the appearance of T2DM and death was not iden-
tified in these patients, they were considered as censored
data in the statistical analysis.'® Moreover, patients re-
treated with antiviral agents were regarded as withdrawals
at the time of starting the retreatment of antiviral agents.

Statistical Analysis. The cumulative appearance rate
of T2DM was calculated from 3 months after the termi-
nation of IFN treatment to the appearance of T2DM
using the Kaplan-Meier method. Differences in the devel-
opment of T2DM were tested using the log rank test.
Independent factors associated with the incidence rate of
T2DM were analyzed by the Cox proportional hazard
model. The following 11 variables were analyzed for po-
tential covariates for incidence of T2DM at the time of
termination of IFN therapy at our hospital: age, sex, state
of liver disease (chronic hepatitis or liver cirrhosis), body
mass index, glucose level, aspartate aminotransferase level,
alanine aminotransferase level, type of IEN, total dose of
IEN, efficacy of IFN therapy, hypertension, triglyceride
level, and total cholesterol level. A Pvalue of less than 0.05
was considered significant. Data analysis was performed

using SPSS 11.5 for Windows (SPSS, Chicago, IL).

Results

Patient Characteristics. Table 1 shows the character-
istics of the 2,842 HCV-positive patients treated with
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Table 1. Patient Characteristics
N 2,842

Sex (male/female) 1,778/1,064
Age (years) 51.8 + 9.0
Height (cm) 163.8 = 9.1
Body weight (kg) 62,7+ 11.7
Body mass index 233+ 3.2
Blood pressure (systolic/diastolic, mm Hg) 128 = 18/77 = 12
HCV genotype (1b/2a/2b/other) 744/752/290/56
HCV RNA level (KiU/mL) 593 * 540
Staging (non-LC/LC) 2,649/193
Blood glucose level (normal/prediabetes) 2,601/241
Fasting plasma glucose {mg/dL) 8724
Triglyceride (mg/dL) 166 = 31
Total bitirubin (g/dL) 102 = 56
AST (/L) 74 = 63
ALT (lu/L) 116 = 102
IFN monotherapy*/combination therapyt 2,417/425
Efficacy of treatment (SVR/non-SVR) 1,175/1,667
Follow-up period (years) 6.4 + 5.0

Data are expressed as the number of patients or mean * standard deviation.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase;
LG, fiver cirrhosis; SVR, sustained virological response.

*Qutbreak of IFN monotherapy: recombinant IFN-a2a, 304 cases; recombinant
IFN-a2b, 235 cases; natural IFN-be, 1,355 cases; natural IFN-B, 522 cases; total
dose of IFN = 598 = 170 MU.

TOutbreak of combination therapy: recombinant IFN-o2b + ribavirin, 175
cases; total dose of IFN = 537 = 196 MU; total dose of ribavirin = 182 *+ 69 g;
pegylated IFN-a2b + ribavirin, 250 cases; total dose of pegylated IFN = 4,28
1.17 mg; total dose of ribavirin = 232 * 60 g.

IFN monotherapy or combination therapy with IFN and
ribavirin. The sustained virological response (SVR) rate
was 36.7% (886/2417) in IFN monotherapy and 68%
(289/425) in IEN + ribavirin therapy. Thus, the number
of patients with SVR was 1,175. The mean period after
the termination of antiviral drugs was 6.4 years.
Incidence of T2DM in Patients with HCV. A total
of 143 patients (102 men and 41 women) developed
T2DM during a mean observation period of 6.4 years. Of
these, 26 were SVR and 117 were non-SVR. The cumu-
lative development rate of T2DM was determined to be
3.6% at 5 years, 8.0% at 10 years, and 17.0% at 15 years
using the Kaplan-Meier method (Fig. 1). The factors as-
sociated with the incidence of T2DM in all 2,842 patients
treated with IFN therapy are shown in Table 2.
Multivariate Cox proportional hazard analysis revealed
that type 2 diabetes development after the termination of
IFN therapy occurred when histological staging was ad-
vanced (hazard ratio 3.30; 95% confidence interval [CI]
2.06-5.28; P < 0.001), sustained virological response was
not achieved (hazard ratio 2.73; 95% CI 1.77-4.20; P <
0.001), patient had pre-diabetes (hazard ratio 2.19; 95%
CI 1.43-3.37; P < 0.001), and age was >50 years (hazard
ratio 2.10; 95% CI 1.38-3.18; P < 0.001). SVR causes a
two-thirds reduction of development of T2DM in pa-
tients treated with IFN. In addition to SVR, age =50
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years, liver cirrhosis, and pre-diabetes contribute to a high
risk of developing diabetes. The cumulative development
rates of T2DM based on difference of age, efficacy of the
IEN therapy, histological diagnosis, and glucose level at
the starting time of follow-up are shown in Fig. 2.

Fig. 3 shows the impact of reduction due to SVR on
the incidence of T2DM in patients with =50 years, liver
cirrhosis, or pre-diabetes. When patients with age =50
years, liver cirrhosis, and pre-diabetes have SVR after IFN
therapy, SVR could statistically reduce the onset of
T2DM compared with those without SVR.

Discussion

We have described the development incidence of dia-
betes after the termination of antiviral therapy in HCV-
positive patients treated with IFN therapy in the present
study. Diabetes has been reported in less than 0.08% of
patients treated with IFN:20; thus, to exclude diabetes
originating from IFN-related side effects, patients with-
out diabetes for 3 months after the termination of IFN
were enrolled in the present study. The present study
indicates that the annual incidence of T2DM for a pro-
longed follow-up after the termination of IFN therapy
among HCV patients is 0.8% to 1.0%. The present study
was limited by a retrospective cohort trial. We started the
present study in 1991 based on the diabetes mellitus cri-
teria published by Fajans.?! However, after that, diabetes
mellitus criteria were revised. We thus rechecked the di-
agnosis of T2DM based on the diabetes mellitus criteria
of 2003 in patients seen prior to 2003.1¢ Because of re-
checking the diagnosis of T2DM on the basis of diabetes
mellitus criteria in 2003, the present study was regarded as
a retrospective cohort study. However, the patients were

50
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Cumulative development rate of T2DM (%)
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Period of follow up  (year)

1450 734 144

Number of
the patients = 2842

Fig. 1. Cumulative development rate of T2DM in patients treated with
IFN.
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Table 2. Predictive Factors for T2DM Development
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Univariate Analysis

Cox Regression

Variables HR (95% Cl) P Value HR (95% Cl) P Value

Age, years (=50/<50) 2.55(1.74-3.73) <0.001 2.10(1.38-3.18) <0.001
Sex (female/male) 0.84 (0.59-1.19) 0.318
Body mass index (=25/<25) 1.44 (0.98-2.08) 0.057
HCV load (KiU/mL,

=1,000/<1,000) 0.67 (0.43-1.03) 0.069
Genotype (1/2) 0.73 (0.50-1.06) 0.098
ALT (IU/L, =50/ <50) 1.83(1.14-2.94) 0.012
Glucose level {prediabetes/normal) 2.25(1.53-3.33) <0.0001 2.19(1.43-3.37) <0.001
Triglyceride (mg/dL, =150/ <<150) 1.66 (0.93-2.98) 0.088
Cholesterol (mg/dL, =220/<220) 1.56 (0.62-3.95) 0.346
Histological diagnosis (LC/non-LC) 4.03 (2.55-6.36) <0.0001 3.30 (2.06-5.28) <0.001
Combination of ribavirin (—/+) 1.53 (0.99-2.38) 0.058
Type of IFN (a/B) 0.88 (0.57-1.35) 0.882
Total dose of IFN (MU, =500/

<500) 0.91 (0.59-1.40) 0.672
Efficacy (non-SVR/SVR) 2.73 (1.77-4.20) <0.0001 2.78 (1.75-4.41) <0.001

Data are expressed as the median (range).

Abbreviations: ALT, alanine aminotransferase; HR, hazard ratio; LC, liver cirrhosis.

prospectively followed. Another limitation of the study
was that patients were treated with different types of an-
tiviral therapy (IFN monotherapy or combination IFN +
ribavirin therapy) for different duration (4 to 52 weeks).

5OC
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This heterogeneity makes it difficult to interpret the re-
sults of the study. On the other hand, the strength of the
present study is the long-term follow-up in the large num-
bers of patients included.
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Fig. 2. Cumulative development rate of T2DM in patients treated with IFN. (A} Cumulative development rate of T2DM based on difference of hepatic
fibrosis. (B) Cumulative development rate of T2DM based on the difference of glucose level. (C) Cumulative development rate of T2DM based on
the difference of efficacy. (D) Cumulative development rate of T2DM based on the difference of age.
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Fig. 3. Cumuiative development rate of T2DM in patients with SVR or
without SVR after IFN therapy. (A) Cumulative development rate of T2DM
based on SVR or non-SVR in patients with age =50 years, (B) Cumu-
lative development rate of T2DM based on SVR or non-SVR in patients
with liver cirrhosis. (C) Cumulative development rate of T2DM based on
the difference of SVR or non-SVR in patients with pre-diabetes.
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The present study shows several findings with regard to
development of T2DM after the termination of antivirus
agents for HCV positive patients. First, the T2DM devel-
opment rate in the non-SVR group was higher than that
in the SVR group. The SVR caused a two-thirds reduc-
tion in the onset of T2DM in the course of posttreatment
follow-up. That SVR reduced the onset of diabetes mel-
litus in HCV patients is in accordance with the data re-
ported by Simé et al.?? and Romero-Gémez et al.?3
Though the role of HCV in the pathogenesis of diabetes
mellitus remains speculative, the following possible
mechanisms have been reported: (1) patients with HCV
have a tendency to attain insulin resistance?4; (2) in trans-
genic mice, the expression of HCV core protein is associ-
ated with insulin resistance and T2DM development?5;
and (3) SVR in HCV patients reduces insulin resistance
and onset of the incidence of abnormal glucose value.26
Thus, it is accepted that clearance of HCV reduces the
onset of T2DM.

Second, in addition to persistence of HCV, the present
study suggests that aging, histological progression, and
pre-diabetes enhanced the onset of T2DM in patients
with HCV infection. However, when HCV was eradi-
cated even in patients with age =50 years, pre-diabetes, or
liver cirrhosis, the cumulative development rate of T2DM
decreased.

T2DM is increasing dramatically in many Asian na-
tions, including Japan, over the past decades.?” Itis widely
accepted that 7 to 8 million people are affected by diabetes
mellitus in Japan. Approximately 8% to 10% of adults in
Japan have T2DM. In general, T2DM is associated with
a genetic predisposition, but it is also strongly influenced
by lifestyle-related factors, such as eating habits and/or
physical activity.?833 The risk factors associated with
T2DM include family history, age, sex, obesity, smoking,
and physical activity. T2DM occurred in elderly patients
compared to young patients. Life expectancies are long in
Japan; thus, in the near future, a large number of patients
with HCV will be >60 years of age. Therefore, it is ap-
parent that the incidence of T2DM will increase in HCV-
positive patients.

T2DM is a serious, costly disease. Treatment for
T2DM may prevent some of its devastating complica-
tions, but does not usually restore normoglycemia or
eliminate all the adverse consequences.?®2° Moreover,
HCYV patients with T2DM are at major risk for HCC.34
On the efficacy of IFN therapy, it has been reported that
T2DM reduces HCV eradication via combination
IFN + ribavirin therapy.?¢ Thus, it should be considered
whether HCV-positive patients should be treated with
antiviral drugs in the histological nonprogression stage
and at a non-elderly age for prevention of T2DM onset. If
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SVR obtained via antiviral therapy for HCV cannot only
prevent progression to liver cirthosis or HCC but also
prevent the development of diabetes, the potential impact
of IFN therapy is quite significant.

In conclusion, this retrospective study suggests that the

annual incidence of T2DM among patients with HCV is
0.8% to 1.0%. Our results indicate that SVR causes a
two-thirds reduction of T2DM development in HCV-
positive patients treated with antiviral drugs.
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Abstract

Objective The aim of this study was to evaluate the efficacy of combination therapy of peginterferon and
ribavirin in patients infected with hepatitis C virus (HCV) genotype 1b and low virus load.

Methods Inclusion criteria were HCV-genotype 1b, serum HCV RNA level of <100 KIU/mL at the initia-
tion time of treatment. A total of 60 were enrolled in this retrospective cohort study. The treatment period of
combination therapy was 39.8£16.1 weeks.

Resunlts Of the 60 study patients, 47 had sustained virological response (SVR) by the intention to treat
analysis. SVR occurred when serum HCV RNA was negative 8 weeks after the initiation of the treatment
(p=0.004) and continuance of negative HCV RNA during treatment was =30 week (p=0.016). In rapid vi-
rological response, all of seven patients with continuance of negative HCV RNA 20 to 29 weeks during treat-
ment had SVR. In early virological response nine of 10 patients with continuance of negative HCV RNA of
30 to 39 week during treatment had SVR.

Conclusion The duration of combination therapy for chronic hepatitis C should be determined based on the
time of attainment of negative HCV RNA in patients with genotype 1b and low-virus load.

Key words: chronic hepatitis C, peginterferon, ribavirin, HCV genotype b, low virus load, duration of treat-

ment

(Inter Med 48: 253-258, 2009)
(DOI: 10.2169/internalmedicine.48.1629)

Introduction

Current evidence indicates that combination therapy of
peginterferon and ribavirin for hepatitis C virus (HCV) is
associated with a higher rate of sustained virological re-
sponse (SVR) compared with interferon (IFN) alone (1-7).
Hence, combination therapy of peginterferon and ribavirin
has been recommended as a first choice for chronic hepatitis
C patients with high virus-load. Now, the selection of dura-
tion of treatment and optimum doses of combination therapy
is an area of active investigation (8-16).

However, the dropout rates in patients treated with combi-

nation therapy was higher than those treated with IFN
monotherapy (17, 18). On the other hand, some authors
have reported that in half of the patients with a low virus
load HCV RNA is eradicated by IFN monotherapy. Thus,
for patients with a low virus load IFN monotherapy has
been recommended as a first choice in Japan. However,
there is also controversy over which patients should be
treated with what agent and what regimen as a first choice
for good prolonged prognosis in chronic hepatitis C patients
with a low virus load. There is an ongoing need to refine
treatment strategies in patients with a low virus Joad.

Thus, in the present study, we performed a retrospective
study to examine the efficacy of combination therapy in pa-
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tients with genotype 1b and low virus load. Additionally, the
relationship between attainment time of negativity of serum
HCV RNA after the initiation of combination therapy and
the continuance of negative HCV RNA in patients with
genotype 1b and low HCV-RNA load of <100 KIU/mL
were also evaluated.

Materials and Methods

Patients

Eligibility criteria for entry into the study included the
following: 1) HCV genotype 1b; 2) serum level of HCV
RNA of <100 KIU/mL before treatment; 3) no corticoster-
oid, immunosuppressive agents, or antiviral agents used
within 6 months; 4) no hepatitis B surface antigens
(HBsAg), antinuclear antibodies (ANA), or antimitochon-
drial antibodies (AMA) detectable in serum, determined by
radioimmunoassay; 5) leukocytes >2,000/mm’, platelet count
>80,000/mm’, and bilirubin <2.0 mg/mL; 6) follow up for
>6 months before treatment. We excluded from the study all
of the patients with the following: 1) a history of alcohol
abuse; 2) advanced liver cirrhosis of encephalopathy, bleed-
ing esophageal varices, or ascites. The physician in charge
explained the purpose and method of the combination ther-
apy as well as the potential adverse reactions to each patient
and informed consent was obtained from each patient.

From December 2004 to May 2007, 60 HCV patients
were enrolled in this retrospective cohort study at the study
hospital.

Patients were classified into three groups according to
their response to combination therapy: rapid virological re-
sponse (RVR), defined as undetectable HCV RNA at week 4
after the initiation of combination therapy; early virological
response (EVR), defined as undetectable HCV RNA at
week, 5 to 12 of combination therapy; and late virological
response (LVR), defined as undetectable HCV RNA at week
13 to 24 of combination therapy. A SVR was defined as
clearance of HCV RNA by commercial amplicor HCV
qualitative assay (Amplicor HCV; Ver.2.0, Roche Diagnostic
Systemns, Basel, Switzerland) at 6 months after the cessation
of combination therapy (19).

Next, predictors of SVR in patients with undetectable
HCV RNA in serum during treatment were assessed by the
multiple logistic regression analysis. Finally, SVR rate based
on the attainment time of negativity of HCV RNA and con-
tinuance of negative HCV RNA during combination therapy
were examined.

Combination therapy of pegylated-IFN and ribavirin

For the treatment regimen, the peginterferon (Peg-intron,
Schering-Plough Pharmaceutical Co., Osaka, Japan) and
ribavirin (Rebetol, Schering-Plough) were given at the dose
described based on body weight. At the initiation of combi-
nation therapy, patients received peginterferon at a median
dose of 1.4 ug/kg (range, 1.3-1.7 ug/kg) subcutaneously

each week and oral ribavirin at a median dose of 12.0 mg/
kg (range, 9.9-14.9 mg/kg) daily. The peginterferon dose
was adjusted according to body weight (60 pg for =40 kg,
80 ug for >40 kg and =60 kg, 100 ug for >60 kg and =80
kg, 120 ug for >80 kg and =100 kg, and 150 pg for >100
kg). The ribavirin dose was adjusted according to body
weight (600 mg for <60 kg, 800 mg for >60 kg and =80
kg, and 1,000 mg for >80 kg). The regimen or treatment pe-
riod was decided by the physician. A total of 39 patients
were treated with a 48-week regimen and 16 patients were
given combination therapy for a 24-week regimen. Treat-
ment for the remaining five patients was discontinued be-
cause of treatment-related side effects within 26 weeks after
the initiation of combination therapy.

Blood samples were obtained just before and 6 month af-
ter combination therapy. The samples were stored at -80C
until analyzed. Using these blood samples, HCV-RNA level
before IFN therapy was analyzed by quantitative PCR assay
(Amplicor GT-HCV Monitor Version 2.0, Roche Molecular
Systems) (20). HCV-genotype was examined by polymer-
ized chain reaction assay, using a mixture of primers for the
six subtypes known to exist in Japan, as reported previously
(21). Serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST) concentrations, and HCV RNA
were measured at least once per month during therapy.
Negativity of serum HCV RNA was defined as clearance of

serum HCV RNA by commercial amplicor HCV qualitative

assay (19). Clinical evaluation and biochemical and hemato-
logical tests were performed at 4 weekly intervals.

Liver histology before IFN therapy

Liver biopsy specimens were obtained percutaneously un-
der the observation by laparoscopy using a modified Vim
Silverman needle with an internal diameter of 2 mm (To-
hoku University style, Kakinuma Factory, Tokyo), fixed in
10% formalin, and stained with Hematoxylin and Eosin,
Masson’s trichrome, silver impregnation, and periodic acid-
Schiff after diastase digestion. The biopsy specimens were
diagnosed according (o the system of Desmet et al (22).

Statistical analysis

Nonparametric procedures were employed for the analysis
of background features of the patients with SVR and with-
out SVR, including the Mann-Whitney U test. Independent
factors that might have influenced SVR were studied using
multiple logistic regression analysis, and the following vari-
ables were evaluated as prognostic factors: sex, age, body
mass index, liver staging, a history of interferon therapy, a
history of HCV load of =100 KIU/mL, HCV RNA level,
biochemical factors (AST, ALT), platelet count, HCV RNA
4, 8, 12 week after the initiation of IFN therapy, continuous
negative period of HCV RNA during IFN therapy and pe-
riod of IFN therapy. The SPSS software package (SPSS
Inc., Chicago, TL) was used to perform statistical analysis. A
p value of <0.05 was considered to indicate a significant
difference.
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Fable L
rin in Chronic Hepatitis C Patients

Clinical Backgrounds before Combination Therapy of Peginterferon and Ribavi-

Total Response
RVR EVR LVR p

Patients, n' 60 18 34 6
Sex. male (%)° 42 (70%) 15 (83%) 23 (74%) 2 (33%) 0.063
Age (yrs)* 51.9+10.1 50.8+9.3 52.1%10.8 53.9£10.9 0.713
BMF 21.923.1 23.243.6 21.242.9 21,923 0.177
A istory of TENT, (%) 28 (47%) 7 (39%) 13 (42%) 4 (67%) 0.085
History of maximum 4317 13/5 21710 412 0.498
HCV RNA level of
>100KIU/ML (+/-)
HOV RNA(KIU/ML)Y  52(<5-99)  43(8-93) 58(<5-99) 72(21-90) 0.498
AST (UL 58432 61247 56224 S[£18 0.480
ALT (JUAY? 73252 80 =62 69 + 37 82459 0.456
FPG(mg/dL)* 93.1£13.6 93.2413.0 92.5:+12.2 97.5+24.6 0.182
Triglyceride (mgfdL)?  92.5£35.2 94.5:27.8 90.6+42.9 93.9+30.2 0.887
Platelet(10*/mm*) * 18.76.3 20.9+4.7 19.6£5.9 13.745.6 0.106
Fibrosis staging' 5476 18/0 26/5 s/ 0.067

{(Non-LC/LC)

*ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body

mass index; EVR, early virological response; FPG, fasting plasma glucose; HCV,
hepatitis C virus; IFN, interferon; LC, liver cirthosis; LVR, late virological

response;  RVR, rapid virological response

Normal reference ranges 6-50 [U/L for ALT, 11-38 IU/L for AST,
"Data expressed as number of patients (percentage)

*Data expressed as mean + standard deviation
§ .
“Data expressed as median (range)

Result

Clinical characieristics of the patients

A total of 60 patients were enrolled on present study. Ta-
ble | shows the characteristics of the patients who received
combination therapy. Clinical profiles were as follows: mean
age =52 years, male/female =42/18, and median (range)
HCV-RNA=52 (<5-99) KIU/mL. Two of the patients treated
with 48-regimen and three out of five discontinued combina-
tion therapy due to side effects had positive HCV RNA dur-
ing combination therapy. Patients with negativity of serum
HCV RNA during combination therapy were classified into
three groups according to the difference of response: RVR
(n=18), EVR (n=31), and LVR (n=6). There were no signifi-
cant differences in several factors in three groups as shown
in Table I.

Safety and tolerance of IFN

Of the 60 patients included in this study, five discontin-
ued combination therapy because of IFN-related adverse
events: one patient each with thrombocytopenia, general fa-

tigue, psychiatric disorder, poor appetite, and cholecystitis.
The onset of [FN-related side effects ranged from one to 11
weeks after initiation of TFN therapy. These side effects in
five patients disappeared one month after cessation of IFN
therapy.

Next, ten of the remaining 55 patients had dose reduction
of interferon and/or ribavirin because of side effects: 5 cases
of thrombocytopenia, 3 cases of general fatigue, and 2 cases
of poor appetite. The onset of dose reduction due to IFN-
related side effects ranged from 1 to 26 weeks after initia-
tion of IFN therapy.

Efficacy of treatment

Out of 60 patients enrolled in the present study, 47 pa-
tients (78.3%) had SVR by the intention-to-treat analysis.
Table 2 shows the differences in the clinical background be-
tween patients with SVR and those without SVR. The SVR
was significantly associated with the attainment time of
negativity of serum HCV RNA and continuance period of
negative HCV RNA. Multivariate analysis indicated that
non-relapse occurred when serum HCV RNA at week 8 was
negative (p=0.004) and continuance of negative HCV RNA
during treatment was =30 weeks (p=0.016) (Table 3).
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Table 4.
with SVR and Those without SVR

The Difference of Clinical Backgrounds between Patients

SVR (n=47) Non-SVR (n=13) p value
Age (years old) ¥ 52.2210.1 53.4%8.9 0.346
Sex (male/female) ¥ 35/12 8/5 0.488
BMI 21.8%32 222430 0.732
Liver staging (non-1.C 42/5 1271 1.00
1.0)
a history of interferon 22125 6/7 1.00
(+/-)
a history of HCV load of 31/16 716 0.520
2100KTU/mL (+/-)
HCV-load (RIU/mL) " 58 (<5-99) 46 (6-93) 0.375
AST (IU/LY " 49+ 34 5422 0.102
ALT (TU/L) " 70+ 55 83 + 39 0.082
Platetet (10%mm™) = 19.0£6.5 17.6%3.8 0.230
HCV RNA (- 4W 17746 (37%) 0/10 (0%) 0.023
HCV RNA (-) 8W 35/46 {76%) 110 (10%) 0.002
HCVRNA (-) 1ZW  44/46 (96%) 3110 (30%) <0.,001
Continuous negative 349116 104121 <0.001
period (week)
Period of IFN therapy 41.6 % 12.6 288+ 19.6 <0.001
(week)

Data are number of patients, median (range) or mean = standard deviation. p
value calculated by the Mann-Whitney U test
‘ALT, alanine aminotransferase; AST, aspartate aminotransferase; HCV,

hepatitis C virus; IFN, interferon; SVR, sustained virologic response

~

Multivariate Analyses Identifying Predictors of SVR

Factor Category Odds 95% Coufidence p value
ratio interval

HCV RNA week 8* + - 1/69.1 4.0-1201.4 0.004
Continuance period of <30/230 1/34.5 1.9-500.0 0.016
negative HCV RNA
during treatment (week)

HCV. hepatitis C virus
*FICV RNA at week 8 after the initiation of treatment

SVR based on the attainment time of negalivily of . .
Discussion

serum HCV RNA and continuance of negative HCV
RNA

All fifty-five patients with negativity of HCV RNA after
the initiation of combination therapy had continuance of
negative HCV RNA during combination therapy. SVR rate
based on the attainment time of negativity of serum HCV
RNA and continnance of negative HCV RNA during combi-
nation therapy are shown in Table 4. In the RVR group, all
of seven patients with continuance of negative HCV RNA of
20 to 29 week during treatment had SVR. In the EVR
group, patients with continuance of 30 to 39 week during
treatment had SVR of =90%. In the LVR group, patients
with continuance of 30 to 39 week during treatment had
SVR of 50%.

We have described the efficacy of combination therapy of
peginterferon and ribavirin in patients infected with HCV
genotype 1b and low virus load. The present study was lim-
ited to patients with genotype 1 and HCV-load of <100
KIU/mL. Another limitation is that the present study was
not a randomized controlled study; thus, the treatment pe-
riod was varied. Moreover, half of the patients had a history
of IFN monotherapy and two-thirds of the patients had a
history of maximum HCV RNA level of >100 KIU/mL.
Clinical backgrounds of the enrolled patients were varied.

However, several findings from the present study have di-
rect implications for combination therapy for chronic hepati-
tis C in the future. First, SVR was primarily associated with
attainment time of negativity of serum HCV RNA and con-
tinuance of negative HCV RNA. The period of combination
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Table 4. SVR Based on the Aftainment Time of Negative HCV
RNA and Continuance Period of Negative HCV RNA during Combi-

nation Therapy

Response®  Continuance period of negative HCVRNA  (week)  Total
<10 10-19 20-29 30-39 40-49

RVR 100% ND 100% ND 100% 100%
(11 () (10/10)  (18/18)

EVR ND 63% ND 90% 100% 87%

(5/8) (9/10) 1313y (27/31)

LVR 0% ND ND 50% ND 33%
(0/2) (2/4) (2/6)

Total 33% 63% 100% 79% 100% 85%
(1/3) (5/8) (717) (L1/14)  (23/23)  (47/55)

EVR, carly virological response; HCV, hepatitis C virus; LVR, late virological

response; ND, not done; RVR, rapid virological response
*Responsc of HCV RNA means attainment time of negativity of serum HCV RNA

after the initiation of combination therapy

therapy is statistically significant by univariate analysis.
However, multivariate analysis showed that early undetect-
able HCV RNA and prolonged negativity of serum HCV
RNA during treatment were associated with the SVR. In the
RVR group, all seven patients with continuance of negative
HCV RNA for 20 to 29 week during treatment had SVR.
This result suggests that a short course regimen of 24 or <
24 week in combination therapy may be suitable for patients
who have genotype 1, low virus load, and RVR. Earlier
studies have reported higher SVR rates in patients with un-
detectable HCV RNA at week 4 compared to those with de-
tectable HCV RNA (7-9, 23). Jensen et al (8) has reported
that patients with RVR should be treated for a short course
regimen. On the contrary, it may be necessary to treat pa-
tients without RVR with a long course regimen. The present
results coincided closely with these earlier results.

Secondly, in the EVR group, patients with continuance of
negative HCV RNA of =30 weeks during treatment had
SVR of =90%. However, one-third of the patients with
continuance of negative HCV RNA of 10 tol9 weeks re-
lapsed after the termination of therapy. This result suggests
that patient with EVR should be given combination therapy
for a year. Third, in LVR group, half of the patients with
continuance of negative HCV RNA of 30 to 39 weeks dur-
ing treatment had SVR. This indicates that patients with de-
layed undetectable HCV RNA should be treated to continue
the negativity of serum HCV RNA for a prolonged period
of = one year to obtain a high rate of SVR.

A previous study (24) indicates that the suitable treatment
period of combination therapy for chronic hepatitis C should
be determined based on the time of attainment of negative

HCV RNA in patients with genotype 1b and a high virus
load of =100 KIU/mL. Similarly, the present study suggests
that in patients with genotype 1b and low-virus load, the pe-
riod of combination therapy should be determined based on
the attainment time of negativity of serum HCV RNA.

It is desirable to expose patients with chronic hepatitis C
to the shortest duration of treatment possible to reduce the
likelihood of adverse events and minimize costs. Long-term
treatment can be associated with serious side effects and is
costly. HCV treatment of combination therapy is expensive,
a 24-week treatment course costs approximately 20,000 dol-
lars. Thus, the results of this study underscore the impor-
tance of changing the duration of treatment based on the
difference of attainment time of negative HCV RNA. To at-
tain SVR rate of =90% in patients with undetectable HCV
RNA and continuance of negative HCV RNA during treat-
ment, it is desirable to give a short course regimen of =20-
29 weeks in the RVR group, 30-39 week in the EVR group.
Moreover, in LVR, prolonged combination therapy regimen
of >48 weeks may be recommended.

In conclusion, the period of combination therapy for
chronic hepatitis C should be determined based on attain-
ment tinme of negativity of serum HCV RNA and continu-
ance of negative HCV RNA in patients with genotype Ib
and low-virus load.
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BACKGROUND: The significance of antiviral therapy for elderly patients with chronic hepatitis C virus
(HCV) infection has not been elucidated.

PATIENTS AND METHODS: Among 5645 patients with HCV-related chronic liver disease, the prognosis of
1917 elderly patients aged 60 years or more was analyzed. A total of 454 patients underwent interferon
(IFN) therapy. By using multivariate analysis, carcinogenesis and survival were analyzed according to
initial findings.

RESULTS: At 10 and 15 years, cumulative survivals in untreated elderly patients were 90.7% and 72.7% in
the high platelet (=150,000/mm®) group, 78.6% and 47.8% in the intermediate (100,000-149,000/mm?)
group, and 52.5% and 25.0% in the low platelet group (<100,000/mm>), respectively. At 5 and 10 years,
hepatocarcinogenesis rates in the intermediate and low platelet groups were 10.9% and 21.6% in the IFN
group (N =217) and 19.5% and 43.0% in the untreated group (N = 459), respectively (P =.0005). IFN
independently decreased carcinogenesis risk with a hazard ratio of 0.56 (P =.035). In the high platelet
group, 3- and 10-year carcinogenesis rates were 3.7% and 8.3% in the IFN-treated group (N = 228) and
5.1% and 14.0% in the untreated group (N = 583), respectively (P = .69). IFN treatment significantly
increased cumulative survivals in the lower platelet subgroup (P = .0001) but did not affect the higher
platelet subgroup (P = .08). IFN was independently associated with a longer survival in the lower platelet
subgroup (hazard ratio 2.33. P =.005).

CONCLUSION: In elderly patients with chronic HCV, IFN for a subgroup with intermediate and low platelet
counts had significant advantages in regard to hepatocarcinogenesis and survival.

© 2009 Elsevier Inc. All rights reserved. e The American Journal of Medicine (2009) 122, 479-486
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Hepatitis C virus (HCV) is one of the principal causes of

hepatocellular carcinoma and often causes high morbidity
and mortality in many countries.' Because interferon
(IFN) has antiviral, antifibrotic, and anti-inflammatory ac-
tions, it is still a main arm in the treatment of chronic
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HCV.%” Many authors have demonstrated that IFN prevents
hepatocarcinogenesis and eventually prolongs the survival
period of patients.®!® Radical eradication of HCV by IFN
depends on viral load, HCV subtype, certain mutations of
hepatitis virus gene, liver histology, modes of IFN admin-
istration, and various host factors, including a patient’s
age.'*'® When a significant side effect occurs during IFN
therapy, cessation or early withdrawal of the therapy often
failed to attain a successful result. Early withdrawal and
treatment failure are likely more common in elderly patients
and patients with an advanced stage of liver disease.

The number and rate of elderly patients with HCV-
positive chronic hepatitis are currently increasing in the
United States and Japan'”'® because of a significant de-
crease of new blood-borne HCV infections and an aging
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society, such as in Japan. In elderly patients with chronic
hepatitis or cirrhosis type C, adverse effects of IFN are more
prevalently found and hematologic disorders often disturb

the completion of the therapy. As a result, IFN administra-
g,16:20-22

tion is considered less effective in elderly patien
Because the fibrotic stage of liver
disease is often correlated with a
patient’s age, an elderly patient nat-
urally has a high risk of carcinogen-
esis and mortality. IFN is effective
in reducing hepatocarcinogenesis
and improving the survival of pa-
tients with HCV-related chronic
hepatitis, but the clinical influence
of IFN is considered less advanta-
geous in elderly patients because of
the short life expectancy. There has
been little information on the prog-
nosis of elderly patients with HCV-
related chronic liver disease and the
significance of antiviral therapy for
elderly patients.

To clarify whether IFN had
similar advantages between young
and elderly patients, we analyzed
a large cohort of HCV-positive el-
derly patients in regard to hepato-
cellular carcinogenesis and survival
at a single institution. We also at-
tempted to elucidate favorable indi-
cations and the best candidates for
IFN therapy among elderly patients,
if any.

PATIENTS AND METHODS

Entire Population and Analyzed Cohorts

A total of 7235 patients were diagnosed with HCV-positive
chronic liver disease with positive anti-HCV antibody and
detectable HCV-RNA (nested polymerase chain reaction)
and negative hepatitis B surface antigen from 1974 to 2004
at the Department of Hepatology, Toranomon Hospital, To-
kyo. Anti-HCV and HCV-RNA were assayed using stored
frozen sera. There were 4121 men and 3114 women, with a
median age of 54 years (range, 1-92 years). We excluded
1144 patients with acute hepatitis, overt alcoholic liver
disease or fatty liver, association of other types of liver
disease (eg, primary biliary cirrhosis, autoimmune hepati-
tis), or association with hepatocellular carcinoma or other.
We also excluded 446 patients with a short observation
period (<6 months).

There were 3728 patients aged less than 60 years and
1917 patients aged 60 years or more. The diagnosis was
established by peritoneoscopy or biopsy in 636 patients and
by clinical data in 1281 patients. The ratio of women was
higher (36.9% vs 54.4%, P < .001) and history of IFN

therapy was lower (60.3% vs 23.7%, P <C.001) in elderly
patients. Median albumin value was lower (4.3 vs 4.1 g/dL,
P<.001) and platelet count was lower (181,000 vs
155,000/mm?, P <.001) in elderly patients. This study an-
alyzed 1917 elderly patients with HCV: 454 patients
(23.7%) with IFN therapy and
1463 patients (76.3%) without
IEN therapy.

Interferon Treatment and
Judgment of Effect

Among 454 patients with IFN
therapy, 413 received IFN mono-
therapy and 41 received IFN plus
ribavirin combination therapy as
an initial antiviral therapy. Of 413
patients with IFN monotherapy, 272
patients received IFN every day for
the first 2 to 8 weeks and then 2 to
3 times per week for the following
16 to 96 weeks (median, 24 weeks),
108 patients received IFN 3 times
per week for 24 to 104 weeks, and
33 patients received IFN for 4 to 8
weeks. Among 346 patients without
viral elimination after initial IFN
therapy, 186 patients underwent re-
peated IFN therapy including IFN
plus ribavirin combination therapy.
The age at the time of initiation of
therapy ranged from 60 to 84 years,
with a median of 64 years.

Most patients (N = 451) with
IEN therapy showed varied de-
grees of influenza-like symptoms,
leukocytopenia, and thrombocy-
topenia. Forty-three patients discontinued IFN therapy be-
cause of significant adverse reactions: depression in 10
patients, marked anorexia in 9 patients; psychosis, epilepsy,
or loss of consciousness in 8 patients; ophthalmic diseases
in 3 patients; severe cytopenia in 3 patients; interstitial
pneumonia in 2 patients; and other conditions in 8 pa-
tients. No patients had decompensated liver disease with
ascites, encephalopathy, jaundice, or variceal bleeding.

Judgment of IFN effect was classified according to elim-
ination of HCV RNA and alanine aminotransferase for 6
months after the end of treatment. Sustained virologic re-
sponse was defined as persistent disappearance of HCV
RNA after therapy, biochemical response was defined as
normal alanine aminotransferase values without elimination
of HCV RNA for at least 6 months after therapy, and no
response was defined as persistently abnormal or only tran-
sient normalization of alanine aminotransferase for less than
6 months. Because 12 patients (2.6%) were lost to follow-up
and 49 patients (10.8%) were still in the course of IFN therapy,
the judgment was made in 393 (86.6%) of 454 patients.

— 209 —



Tkeda et al  Interferon for HCV-positive Elderly Patients

481

Table 1 Profiles a

Toranomon Hospital

nd Labt;iatc}ry Data of 1017 Elderly Patients at the Initial Visit to

No Therapy

IFN Therapy

N = 1463 N =454 P
Demography
Sex (M/F) 660/803 214/240 45
Age (y)® 65 (60-88) 62 (60-80) <.001
Observation period (y)? 5.91(0.5-27.6) 6.23 (0.5-17.6) .23
Lost to follow-up (y) 165 (11.3%) 12 (2.6%) <.001
Laboratory Data® :
Albumin (g/dL) 4.1(3.8-4.3) 4.1(3.9-4.3) A1
Bilirubin (mg/dL) 0.6 (0.5-0.9) 0.7 (0.5-0.8) 14
Aspartic aminotransferase (IU/L) 51(33-83) 70 (46-106) <.001
Alanine aminotransferase (IU/L) 56 (32-97) 90 (56-148) <.001
Hemoglobin (g/dL) 13.8(12.9-14.7) 14.2 (13.3-15.1) <.001
Platelet count (X1000/mm?) 157 (120-198) 150 (122-195) 0.12
Alpha-fetoprotein (ng/mL) 4(3-6) 4 (3-6) .80
HCY
subtype 1 (1a/1b) 714 (79.2%) 154 (58.8%) <.001
subtype 2 (2a/2b) 150 (16.6%) 102 (38.9%)

others

38 (4.2%)

6 (2.3%)

hepatitis Cviras.

Follow-up of and Diagnosis of Hepatocellular
Carcinoma

Follow-up of patients was made on a monthly to trimonthly
basis after the initial visit. Imaging diagnosis was made 1 or
more times per year with ultrasonography, computed to-
mography, or magnetic resonance imaging.

Statistical Analysis

Obtained clinical data were analyzed on an intention-to-
treat basis. Nonparametric procedures were used for the
analysis of background characteristics of the patients, in-
cluding the Mann—Whitney U, Kruskal-Wallis, and chi-
square tests.

Hepatocellular carcinogenesis and survival were calcu-
lated using the Kaplan-Meier test. The differences in car-
cinogenesis curves were tested using the log-rank test.??
Independent factors associated with the appearance rate of
hepatocellular carcinoma were studied using time-depen-
dent Cox regression analysis.”* The following 16 variables
were analyzed for potential covariates for liver carcinogen-
esis at the initial hospital visit: age, sex, total alcohol intake,
family history of liver disease, history of blood transfusion,
association of diabetes, aspartic aminotransferase, alanine
aminotransferase, gamma-glutamyl transpeptidase, albu-
min, bilirubin, hemoglobin, platelet count, serologic group-
ing of HCV, IFN administration, and effect of IFN treat-
ment (time-dependent variable). A P value of less than .05
was considered significant. Statistical analysis was per-
formed using the Statistical Package for the Social Sciences
version 11.%

RESULTS

Demographics of Elderly Patients with or
without Interferon Therapy

Table 1 summarizes the profiles and data of the 1917 elderly
patients with or without IFN therapy during clinical course.
The median age of the patients with IFN was younger by 3
years. Although aminotransferases were significantly higher
in the treated group, albumin, bilirubin, and platelet count
were not different between the 2 groups.

Hepatocarcinogenesis and Survival without
Interferon Therapy

Liver cancer developed in 285 (19.5%) of 1463 elderly
patients without IFN therapy. Hepatocarcinogenesis rates
were 13.1% at the end of 5 years, 29.9% at 10 years, 45.5%
at 15 years, and 55.1% at 20 years. Carcinogenesis rates
were calculated in subgroups according to initial platelet
count: high (=150,000/mm?), intermediate (100,000-
149,000/mm?), and low (<100,000/mm?>). Cumulative car-
cinogenesis rates in the subgroups of high, intermediate, and
low platelet counts were 5.1%, 14.2%, and 32.1% at 5 years,
14.0%, 34.2%, and 63.4% at 10 years, and 26.1%, 57.5%,
and 74.9% at 15 years, respectively (Figure 1). The carci-
nogenesis rate was significantly different among the 3 sub-
groups (P <.0001).

Survival in the elderly patients without IFN therapy was
92.9% at 5 years, 76.6% at 10 years, 54.3% at 15 years, and
37.2% at 20 years. Survivals in the subgroups with high,
intermediate, and low platelet counts were 97.9%, 95.9%,
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and 86.8% at 5 years, 90.7%, 78.6%, and 52.5% at 10 years,
and 72.7%, 47.8%, and 25.0% at 15 years, respectively
(Figure 2). A significant difference was observed among the
3 subgroups (P < .0001).

Adverse Effects and Effect of Interferon in

the Elderly

Thirty-nine patients discontinued IFN therapy because of
adverse effects: severe fatigue or anorexia in 10 patients
(25.6%), depression in 10 patients (25.6%), hematologic
disorder in 6 patients (15.4%), ophthalmic disorders in 4
patients (10.3%), and other side effects in 9 patients
(23.1%). Duration of the therapy ranged from 2 weeks to 8.1
years, with a median of 24 weeks.

Among 393 patients with available judgment of IFN
effect, 140 (35.6%) had a sustained virologic response, 80
(20.4%) had a biochemical response, and 173 (44.0%) had
no response.

Hepatocarcinogenesis Rates in Elderly
Patients with or without Interferon
During observation, hepatocellular carcinoma developed in
334 (17.4%) of 1917 patients: 285 (19.5%) in the untreated
group and 49 (10.8%) in the IFN group.
Hepatocarcinogenesis rates in the untreated and IFN groups
were 13.1% and 7.0% at 5 years, 29.9% and 13.9% at 10 years,
and 45.5% and 33.4% at 15 years, respectively. The carcino-
genesis rate in the IFN-treated group was significantly lower
than in the untreated group (log-rank test, P <<.0001).
Carcinogenesis rates also were evaluated in the sub-
groups with sustained virologic response (N = 140), bio-
chemical response (N =80), and no response (N = 173).
Cumulative carcinogenesis rates were 2.5%, 1.3%, and
9.1% at 5 years, 2.5%, 11.0%, and 18.1% at 10 years, and
2.5%, 39.6%, and 41.2% at 15 years, respectively. A sig-
nificant difference was found among the 4 groups, including
the untreated patient group (P <<.0001).

Carcinogenesis rates
100
(%)

Platelet <100x10%mm?

50 A 100-140x109mme

Platelet 2 150x10%mm?®

20 (Year)

Survival rates
1007

Platelet 2 150x10%mms

50 -y
P!atelet e
100-149x10%mm?
Platalet <100x10%mm?
0
0 5 10 15 20 (Year)

¢ umulatwe survwal-m panents \Vlthout IFN iher~
apy, accordmg to ni n S}II'VIVZII of panents with
high platelet. count wa ficantly higher than those w1th a
low. or mtermedlate p, Ve}e ul 't (P< 0001) o 4

Carcinogenesis rates were compared between those with or
without IFN treatrnent in a subgroup with a high platelet count
of 150,000/mm’ or more. Cumulative carcinogenesis rates in
the untreated (N = 585) and treated groups (N = 228) were
5.1% and 3.7% at 5 years, 14.0% and 13.1% at 10 years, and
26.1% and 25.9% at 15 years, respectively. The carcinogenesis
rate in the IFN therapy group was slightly lower than in the
untreated group, but no statistical significance was found in the
high platelet subgroup (P =.69). Next, carcinogenesis rates
were analyzed between those with or without IFN in a com-
bined subgroup with low and intermediate platelet counts of
less than 150,000 mm®. Carcinogenesis rates in untreated (N =
459) and treated (N = 217) groups were 19.5% and 10.9% at
5 years, 43.0% and 21.6% at 10 years, and 65.3% and 39.4%
at 15 years, respectively (Figure 3). The carcinogenesis rate in
the group with IFN therapy was significantly lower in the
untreated group (P = .0005).

Carcinogenesis rates
1Q0
(%)

IFN(-)

50

IFN()

patients without IFN
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Table 2
Pa’uents w;th Hepatitis C Virus-r

Independent Factors A" oc;ated with Hepatocetlular Carcmogenes;s in E{derly
ted Chronic Liver Disease . = ,

Hazard Ratio (95% CI) P

Factors (Category)
Platelet count 1: =150,000/mm? 1
2: 100,000-149,000/mm? 2.42 (1.71-3.40) <.001
3: <100,000/mm> 5.64 (3.88-8.22) <.001
Alanine aminotransferase  1: <75 IU/L 1
2: =751U/L 2.02 (1.48-2.77) <.001
Gender 1: Female 1
2: Male 1.79(1.35-2.37) <.001
IFN 1: No therapy 1
2: No response 0.74 (0.44-1.25) .26
3: Biochemical response 0.52(0.17-1.65) .27
4: Sustained virologic response 0.063 (0.009-0.449) .006

I = conﬁdence mterval IEN mterfemn

Factors Affecting Hepatocellular
Carcinogenesis

In the first proportional hazard analysis using IFN therapy
factor as a time-dependent covariate, factors associated with
carcinogenesis were explored in the entire elderly cohort.
Hepatocarcinogenesis is independently associated with low
platelet count (P<(.001), high alanine aminotransferase
value (P<.001), male sex (P<.001), and IFN therapy
(hazard ratio = 0.67, P = 045).

Next, multivariate analysis was performed using factors
of each IFN effect: sustained virologic response, biochem-
ical response, no response, and no IFN therapy. Carcino-
genesis was significantly associated with platelet count,
male sex, alanine aminotransferase value, and sustained
virologic response after IFN therapy (Table 2). Patients with
low and intermediate platelet counts showed high hazard
ratios and high alanine aminotransferase value; male gender
showed high hazard ratios. Sustained virologic response
significantly decreased the hazard ratio to 0.063 (P = .006).

The role of IFN treatment factor was not significant
(hazard ratio 0.87, P=.67) in the high platelet group
(=150,000/mm?), but it was significant (hazard ratio 0.56,
P=.035) in the low or intermediate platelet group
(<150,000/mm?).

Survival of Elderly Patients

A total of 276 patients (14.4%) died during observation: 255
(17.4%) in the untreated group and 21 (4.6%) in the treated
group. Crude survivals in the untreated and IFN groups
were 92.9% and 98.7% at 5 years, 76.6% and 92.6% at 10
years, and 54.3% and 70.4% at 15 years, respectively. Sur-
vival in the IFN-treated group was significantly higher
(P <<.0001).

‘When a subgroup with high platelet counts (=150,000/
mm?) was analyzed, survivals in the untreated and IFN groups
were 97.9% and 99.6% at 5 years, 90.7% and 94.5% at 10
years, and 72.7% and 76.9% at 15 years, respectively. Survival
was not significantly different (P = .08). Survival also was

analyzed in a subgroup with low or intermediate platelet count
(<150,000/mm3). Cumulative survivals in the untreated and
treated groups were 93.2% and 97.5% at 5 years, 70.8% and
89.9% at 10 years, and 41.2% and 64.9% at 15 years, respec-
tively (Figure 4). Survival in the IFN therapy group was sig-
nificantly higher than in the untreated group (P = .0001).

Factors Affecting Survival in the Elderly
Independent factors associated with survival were explored
in all the elderly patients. Multivariate hazard analysis dis-
closed that survival is independently associated with low
platelet count (P <C.001), male sex (P <<.001), older age
(P <.001), and IFN therapy (hazard ratio = 0.56, P = .041).
In the high platelet group (=150,000/mm?), only gender
and age were independently associated with survival. The
factor of IFN therapy only showed a hazard ratio for death
of 0.70 in the multivariate analysis. In the low or interme-
diate platelet group (<150,000/mm>), platelet count, age,

Sutvival rates
100
(%) \\ IFN(+)
IFN(-)
50
0
0 5 10 15 {Year)
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Table 3 Independent Factors Associated with Survival Period in Elderly Patients witl

Virus-related Chronic Liver Disease .

Factors (Category) Hazard Ratio (95% CI) P
Subgroup with High Platelet Count
(=150,000/mm?)
Gender 1: Female 1
2: Male 2.81(1.46-5.41) .002
Age by 1y 1.11(1.04-1.18) .002
IFN 1: No 1
2: Yes 0.70(0.32-1.18) .39 (NS)
Subgroup with Low or Intermediate
Platelet Count (<150,000/mm?*)
Platelet count 1: 100,000-149,000/mm* 1
2: <100,000/mm? 3.14 (2.19-4.50) <.001
Age byly 1.09(1.05-1.13) <.,001
IFN - 1:No 1
2: Yes 0.43(0.24-0.77) .005
Gender 1: Female 1
2: Male

- (I = confidence interval; IFN = interferon; NS = not significant. ~

IFN therapy, and sex were independently associated with
hepatocellular carcinogenesis. IFN significantly decreased
the hazard of death by 0.43 in the subgroup of low or
intermediate platelet count (P = .005) (Table 3).

DISCUSSION

This retrospective study was undertaken to evaluate whether
IFN therapy could decrease hepatocellular carcinogenesis
and increase survival in HCV-positive elderly patients aged
60 years or more at the initial hospital visit. Because it
seemed to require at least 5 years to obtain a statistical
difference in carcinogenesis rates and survival between
IFN-treated and untreated groups, a prospective randomized
trial with untreated control patients is difficult to perform
from both ethical and medical viewpoints. We therefore
attempted to carry out this retrospective study to show an
impact of IFN treatment with a statistical adjustment and
stratification using a large number of patients under a long-
term observation period.

There were significant differences in carcinogenesis and
survival among patients with HCV, according to initial
platelet count. Because this study dealt with all patients with
HCV-related hepatitis who visited Toranomon Hospital ir-
respective of IFN treatment, evaluation of liver histology
was performed in approximately two thirds of the patients.
Platelet count has been considered a simple indicator for the
progression of hepatitis, and the patients without liver bi-
opsy were well stratified by the initial platelet count in our
study. From statistics of the nationwide census for the lon-
gevity of each age group in 2003, the life expectation was
219 and 27.5 years for 60-year-old Japanese men and
women, respectively, and 18.0 and 23.07 years for 65-year-
old Japanese men and women, respectively. In view of the
median age (65 years) of the untreated cohort with HCV

1.56 (1.09-2.22) 015

infection, the survival of patients with high platelet counts
was almost the same as that of the general population in
Japan (Figure 2). Physicians should consider the longevity
without IFN therapy and the cost, side effects, and risks
caused by IFN for more stratified age groups of the elderly.

Although several authors have shown that effects of both
IFN monotherapy?****’ and IFN plus ribavirin combination
therapy”®*° were not different between elderly and younger
patients with chronic HCV in regard to viral elimination and
normalization of transaminase, recent reports’®?! have shown
lower virologic response rates. A possible low response rate in
the elderly was closely associated with a high rate of adverse
reactions, ®**?! and hematologic side effects seemed signifi-
cant in the elderly group.?? The low discontinuation rate (43/
454, 9.5%) in the current study was partly attributable to the
low rate of IFN plus ribavirin combination therapy. Horiike et
al,”” Floreani et al,'® and Koyama et al*! recommended IFN
therapy for select patient groups with a low HCV RNA titer,
non-genotype 1, or relatively young age of less than 65 years.

We previously reported a high carcinogenesis rate in
elderly patients with chronic HCV who underwent IFN
therapy.®® When crude hepatocarcinogenesis rates were
compared between untreated and IFN-treated groups in the
current study, IFN significantly decreased the carcinogene-
sis rate in the elderly patients with varied severity of liver
disease. As was found in the general results of patients,
including the younger age group,'” carcinogenesis in pa-
tients with sustained virologic response was significantly
lower than that of patients with no response or without IFN
therapy. The carcinogenesis rate was low for several years
after cessation of IFN administration and increased gradu-
ally after 8 years in the group with a biochemical response
(Figure 3). The cancer appearance curve of the biochemical
response group implied that the normal and stable hepatitis
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state in the early years contributed to suppress the process of
carcinogenesis, and that reactivation of hepatitis induced the
progression of hepatic oncogenesis in the later years.

Among patients with a high platelet count and mild liver
disease, IFN did not decrease the rate of hepatocarcinogen-
esis. IFN significantly decreased the carcinogenesis rate in
patients with a low or intermediate platelet count. In view of
the less effective rate and high adverse reaction rate by IFN
in elderly patients, IFN therapy should be considered pri-
marily for those with a low platelet count of 150,000/mm?®
or less. Because low platelet count was closely associated
with advanced disease and high risk for carcinogenesis,
treatment efficacy appeared prominent in the subgroup with
low and intermediate platelet counts. The best candidates
for IFN therapy were those with a low platelet count, also in
regard to cost-effectiveness. Because a low platelet count is
closely associated with advanced stages of liver disease,
IFN therapy should be avoided for elderly patients with
decompensated cirrhosis or severely decreased platelet
count of less than 50,000/mm>. A sustained virologic re-
sponse improves clinical symptoms in decompensated cir-
rhosis,>! but IFN often induces severe complications even in
young patients with decompensated cirrhosis.** An elderly
patient with hepatitis without decompensation can be a
candidate for IFN therapy if careful, close hematologic
monitoring is performed. Low-dose, intermittent, long-term
IFN therapy also should be considered for these patients to
obtain a sustained biochemical response without creating
profound and irreversible side effects. Because elderly pa-
tients generally showed some difficulties with IFN treat-
ment, our current study demonstrated practical information
about carcinogenesis and the life expectancy of elderly
patients with HCV and the order of priority in management
of IFN for these patients. IFN administration is preferably
considered and initiated at the age of 60 years or less to
reduce side effects.

CONCLUSIONS

IFN for a subgroup with low and intermediate platelet
counts had significant advantages in regard to hepatocarci-
nogenesis and survival of elderly patients with chronic
HCV.
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